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@ Control device for a continuously variable transmission for motor vehicles. 

(g) A continuously variable transmission (T) for a motor 
vehicle has a closed hydraulic circuit (5) disposed between a 
hydraulic pump (2) and a hydraulic motor (4) with the hydraulic 
motor being of the variable displacement type. The hydraulic 
pump {2) is driven by the engine (E) and the hydraulic motor (4) 
is driven by the hydraulic pressure from the hydraulic pump for . 
driving the road wheels (W), A pair of bypass passages (6a,6b) 
are connected between the two oil passages (51,5h) of the 
closed hydraulic circuit between the hydraulic pump and 
hydraulic motor and a clutch valve (7a,7b) is disposed In each 
bypass passage for adjusting the opening of that bypass 
passage. The opening of the bypass passages (6a,6b) 
con'ssponding to the amount of operation of the clutch valves 
(7a,7b) when the transmission receives driving forces from the 
road wheels (W) during deceleration is controlled so as to be 
greater than the opening of the bypass passages when the 
transmission Is driven by the engine (E) to drive the road 
wheels. 
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Description 

CONTROL DEVICE FOR A CONTINUOUSLY VARIABLE TRANSMISSION FOR MOTOR VEHICLES 



The present invention relates to a control device 
for a continuously variable vehicle transmission of 
the type employing a hydraulic pump and a hydraulic 5 
motor, and, In particular, for controlling the hydraulic 
clutch mechanism of such a transmission. 

Japanese Laid-Open Patent Publication 
No. 59-95722 discloses a continuously variable 
transmission comprising a hydraulic pump and a 10 
hydraulic motor which are Interconnected in a 
closed circuit, In which one or both of the hydraulic 
pump and the hydraulic motor are of a variable 
displacement type, and a bypass passage capable of 
providing communication between the high press- 15 
ure and low pressure oil passages of the closed 
circuit which are disposed between the hydraulic 
pump and the hydraulic motor, with the opening in 
the bypass passage being controlled by a restrictor 
or clutch valve for controlling the transmission. 20 
When the motor vehicle incorporating the continu- 
ously variable transmission Is stopped suddenly and 
then is to be started again quickly within a short time, 
the transmission ratio of the transmission should be 
increased quickly In order to obtain driving forces 25 
large enough to get the motor vehicle started, even if 
the transmission ratio was small before the motor 
vehicle was stopped suddenly. Therefore, it is 
necessary to change the transmission ratio from a 
small value to a large value during the short interval 30 
after the motor vehicle Is stopped and before it is 
started. The present applicant previously has pro- 
posed an arrangement for meeting the above 
requirement by o|>erating the transmission more 
quickly than normal when it is detected that the 35 
clutch is shifted into a shutoff position, as disclosed 
in Japanese Patent Application No. 61-49202. 

With the previously proposed arrangement, how- 
ever, when the motor vehicle Is being stopped by Its 
idle inertia-dependent movement, since the trans- 40 
mission ratio is abruptly increased while the clutch is 
partly engaged, braking of the vehicle (so-called 
"engine braking") which Is not intended by the driver 
is applied and results in an uncomfortable change in 
vehicle speed. ^ 

Viewed from one aspect the invention provides a 
control device for a continuously variable vehicle 
transmission having a closed hydraulic circuit with 
two passages disposed between a hydraulic pump 
and a hydraulic motor, at least one of said hydraulic 50 
pump and said hydraulic motor being of the variable 
displacement type, said hydraulic pump being 
connected to an engine and said hydraulic motor 
being driven by hydraulic pressure from said 
hydraulic pump for driving road wheels, the control 55 
device comprising bypass passage means con- 
nected between said two passages of said closed 
hydraulic circuit, clutch valve means disposed in said 
bypass passage means for adjusting the opening of 
said bypass passage means, and means for opera- 60 
ting said clutch valve, the arrangement being such 
that when said continuously variable transmission 
receives driving forces from the road wheels the 



bypass passage means opens to a greater opening 
than the opening thereof when said continuously 
variable transmission is driven by the engine. 

Viewed from another aspect the invention pro- 
vides a control device for a continuously variable 
vehicle transmission having a hydraulic pump and 
hydraulic motor with a closed hydraulic circuit 
wherein the pump has an output connected to an 
input on the motor and the motor has an output 
connected to an Input on the pump, the device 
comprising bypass means for connecting the pump 
output and input and motor output and Input, and 
means for controlling the flow through said bypass 
means to allow greater flow during deceleration of 
the vehicle than during acceleration of the vehicle. 

With a control device of the preferred embodi- 
ments at least, during stopping of the motor vehicle 
by its idle Inertia-dependent movement, I.e., engine 
braking, since the opening of the bypass passage 
with respect to the amount of operation of the clutch 
valve Is larger than the opening of the bypass 
passage when starting the motor vehicle, the engine 
braking is not abruptly and intensively applied and 
the motor vehicle can smoothly be stopped even if 
the transmission ratio Is suddenly Increased while 
the clutch is in partly engaged condition. Thus the 
problem of excessive engine braking Is solved. 

A preferred embodiment of the present Invention 
will be described hereinbelow with reference to the 
drawings, wherein: 

FIG. 1 is a schematic diagram of the hydraulic 
circuit of a continuously variable transmission of the 
present invention; 

FIGS. 2a, 2b and 2c are cross-sectional views 
showing the manner In which a clutch valve, a 
servocyiinder. and a directional control valve are 
operated In mutually Interlinked relation; 

FIG. 3 is a cross-sectional view of the clutch valve; 
FIG. 4 Is a schematic view of a hydraulic motor and 
a hydraulic cylinder for controlling the operation of 
the hydraulic motor; 

FIG. 5 Is a graph showing speed change charac- 
teristics of a motor vehicle having the continuously 
variable transmission of the present Invention; and 
FIG. 6 Is a graph illustrating the relationship 
between the amount of operation of the clutch vaive 
and the opening of bypass passage. 

FIG. 1 shows a hydraulic circuit of a hydraullcally 
operated continuously variable transmission T ac- 
cording to the present Invention, Incorporated In a 
motor vehicle. The continuously variable trans- 
mission T has a hydraulic pump 2 of the fixed 
displacement type which is driven by an engine E 
and a hydraulic motor 4 of the variable displacement 
type having a drive shaft 3 for driving the road wheels 
W of the vehicle through a fonvard/reverse mode 
selector device 20. The hydraulic pump 2 and the 
hydraulic motor 4 are connected in a closed 
hydraulic circuit 5 having a first oil passage 5h 
communicating between the outlet port of the 
pump 2 and the Inlet port of the motor 4 and a 
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second oil passage 5^ communicating between the 
Inlet port of the pump 2 and the outlet port of the 
motor 4. Between the two oil passages 5h and S£, 
there are two bypass passages 6a, 6b having 
respective first and second clutch valves 7a, 7b 
comprising variable restrictors serving as clutches. 
The bypass passage 6b with the second clutch valve 
7b has a deceleration checl< valve 8 for allowing oil to 
flow only from the second oil passage 5i to the first 
oil passage 5h. 

A charging pump 10 that is actuatable by the 
engine E has an outlet port connected to the oil 
passages 5h, 5£ through check valve 1 1 and two 
check valves 9 and 9. Working oil pumped from an oil 
sump 12 and regulated in pressure by a relief valve 
13 Is supplied to the closed hydraulic circuit 5 In 
order to compensate for any oil shortage in the 
closed circuit 5. 

An output shaft 28 coupled to the road wheels W 
extends parallel to the drive shaft 3 of the hydraulic 
motor 4. with the forward/reverse mode selector 
device 20 disposed between the shafts 3, 28. The 
forward/reverse mode selector device 20 comprises 
first and second driver gears 21, 22 spaced axially 
from each other, a first driven gear 23 rotatabiy 
supported on the output shaft 28 and meshing with 
the first driver gear 21, a second driver gear 25 
meshing with the second driver gear 22 through an 
Intermediate gear 24 and rotatabiy supported on the 
output shaft 28, a clutch hob 26 fixed to the output 
shaft 28 between the first and second driven gears 
23. 25, and a sleeve 27 axially siidable for selectively 
connecting clutch gears 23a on 25a on sides of the 
driven gears 23, 25 to the clutch hub 26. When the 
sleeve 27 is slid to the left In FIG. 1 to connect the 
clutch gear 23a of the first driven gear 23 to the 
clutch hub 26, as shown, the output shaft 28 Is 
rotated in a direction opposite to the direction of 
rotation of the drive shaft 3 for rotating the road 
wheels W in a forward direction In response to 
operation of the continuously variable transmission 
T. When the sleeve 27 Is slid to the right in FIG. 1 to 
connect the clutch gear 25a of the second driven 
gear 23 to the clutch hub 26, the output shaft 28 is 
rotated In the same direction as the direction of 
rotation of the drive shaft 3 for rotating the road 
wheels W In a reverse direction. 

The clutch valves 7a, 7b are actuated by a 
servocylinder 30, whereas the forward/reverse 
mode selector device 20 is operated by a hydraulic 
cylinder 40. The displacement of the hydraulic 
motor 4 is controlled by a hydraulic cylinder 50. The 
operatlon'of these cylinders 30, 40. 50 is controlled 
by a control unit CU to which there are connected a 
first detector means SI for detecting the speed of 
rotation of the engine E as an Indication of the power 
output of the engine E and a second detector means 
S2 for detecting the opening of the throttle valve of 
the engine E as an indication of the driver's intention 
of acceleration and deceleration. The control unit CU 
controls the sen/ocylinder 30 and the hydraulic 
cylinder 40 in response to input signals from the first 
and second detector means SI, S2 and operation of 
a manual selector lever 16. and also controls the 
hydraulic cylinder 60 in response to input signals 



from the detector means S1 , S2, operation of the 
manual selector lever 16, and operating conditions 
of the clutch valves 7a, 7b. 
The first detector means SI comprises, for 
5 example, a hydraulic governor responsive to the 
rotation of the input shaft 1 . and has an Input port 90 
connected to an oil passage 101 which can be 
supplied with a hydraulic pressure P£ discharged 
from the charging pump 10. The first detector means 
10 SI also has an output port 91 for issuing a governor 
pressure Pg proportional to the speed of rotation of 
the engine E. The governor pressure Pg is selected 
to be lower than the pressure P£ discharged from 
the charging pump 10 (Pg < P£y 
15 The second detector means 82 comprises, for 
example, a throttle valve opening/hydraulic pressure 
converter having an output port 93 for issuing a 
throttle pressure Pt proportional to operation of a 
throttle valve opening/closing device 15. The second 
20 detector means S2 has an input port 94 connected 
to the oil passage 101. The throttle pressure Pt is 
selected to be lower than the pump pressure P£ (Pt 
< P£). 

The clutch valves 7a, 7b may be identical and, as 
ss shown in FIGS. 2a through 2c. the clutch valves 7a. 
7b are formed by a cylindrical fixed member 71 and a 
cylindrical rotatable member 72 rotatabiy fitted in the 
fixed member 71. The rotatable member 72 defines 
therein a valve chamber 75 which Is held, in 
30 communication with the first oil passage 5h at ait 
times. As shown in FIG. 3 which is a cross section 
taken along line III - 111 of FIG. 2(a), the rotatable 
member 72 has a pair of axially spaced valve holes 
74a, 74b defined in a side wail thereof. The fixed 
35 member 71 has a pair of bypass holes 73a, 73b 
defined In a side wall thereof in con-esponding 
relation to the valve holes 74a, 74b, respectively. The 
holes 73a, 74a constitute the clutch valve 7a, 
whereas the holes 73b, 74b constitute the clutch 
40 valve 7b. The bypass hole 73a is in communication 
with the second oil passage S£ through the bypass 
passage 6a at all times. The bypass hole 73b is held 
in communication with the second oil passage b£ via 
the bypass passage 6b which has the deceleration 
45 check valve 8. 

The valve holes 74a, 74b and the bypass holes 
73a, 73b are defined such that the holes 73a. 74a 
register with each other and the holes 73b, 74b 
register with each other when the rotatable member 
50 72 is in a prescribed angular position. In this 
prescribed angular position, the first and second oil 
passages 5h, 5£ communicate with each other 
bidirectlonally through the first clutch valve 7a, and 
unidirectionally through the second clutch valve 7b 
55 with the deceleration check valve 8 allowing only an 
oil flow from the second oil passage S£ to the first oil 
passage 5h. 

The rotatable member 72 has a radially outwardly 
projecting arm 76 which is coupled to the servocylin- 

60 der 30 through a link 31. The link 31 has an end 
connected to the arm 76 through a pin 31a parallel to 
the axis of the rotatable member 72, and the other 
end to the servocylinder 30 through a pin 31 b parallel 
to the pin 31a. 

65 In response to operation of the servocylinder 30, 
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the rotatable member 72 is angularly moved in an 
angular range of substantially 90° by the link 31 for 
continuously varying the opening of the bypass 
passages 6a. 6b from a fully open condition to a fully 
closed condition. The servocylinder 30 comf ses a 
cylinder 32. a piston 35 slidabiy disposed in the 
cylinder 32 and dividing the interior of the cylinder 32 
into a head chamber 33 and a rod chamber 34, a 
piston rod 36 integrally joined to the piston 35 and 
extending hermetically and movably through the end 
wall of the cylinder 32 facing the rod chamber 34, and 
a spring 37 disposed in the rod chamber 34 for 
normally urging the piston 36 Into the head chamber 
33. 

The link 31 is coupled to the distal end of the 
piston rod 36 through the pin 31b. When the piston 
36 is moved a maximum stroke to the right, the 
clutch valves 7a. 7b are fully opened to cut off power 
transmission through the transmission T. When the 
piston 35 is moved to the left against the resiliency of 
the spring 37, the valve holes 74a. 74b are slightly 
shifted In position off the bypass holes 73a, 73b to 
reduce the opening of the bypass passages 6a. 6b, 
resulting in a partly engaged clutch condition, as 
shown In FIG. 2b. By moving the piston 35 a 
maximum stroke to the left against the force of the 
spring 37. the valve holes 74a, 74b are fully shifted 
out of registry with the bypass holes 73a, 73b to 
close the clutch valves 7a, 7b. whereupon power can 
be fully transmitted by the transmission T, as shown 
in FIG. 2c. 

The relationship between the amount of rotation 
of the rotatable member 72 caused by the operation 
of the sen/ocylinder 30, Le., the amount of operation 
of the clutch valves 7a. 7b. and the opening of the 
bypass passages 6a, 6b wiil be described with 
reference to FIG. 6. When the hydraulic pressure In 
the first oil passage 5h is higher than the hydraulic 
pressure In the second oil passage 6£ to cause 
working oil to flow from the first oil passage 5h to the 
second oil passage 5£, the bypass passage 6b 
remains closed by the check valve 8 even if the 
second clutch valve 7b is open, and hence only the 
- opening of the first clutch valve 7a may be 
considered. If the clutch valves 7a, 7b are angulariy 
shifted from the fully closed position (FIG. 2c) to the 
fully open position (FIG. 2a), then the opening of the 
bypass passages 6a. 6b with respect to the amount 
of operation of the clutch valves 7a. 7b varies along a 
b d e as Indicated by the solid line. 
When the hydraulic pressure in the second oil 
passage 5£ is higher than the hydraulic pressure In 
the first oil passage 5h, as during deceleration of the 
vehicle, to cause working oil to flow from the second 
oil passage 5£ to the first oil passage 5h, the bypass 
passage 6b is also opened. Upon shifting of the 
clutch valves 7a, 7b from the fully closed position to 
the fully open position, the opening of the bypass 
passages 6a, 6b vary along a— ►b— ♦•c—^eas 
Indicated by the dotted line. It follows that the 
opening of the second clutch valve 7b Is selected to 
be of a range represented by the hatched area in 
FIG. 6. 

The hydraulic cylinder 40 comprises a cylinder 41, 
a piston 44 slidabiy disposed in the cylinder 41 and 



dividing the interior space of the cylinder 41 into a 
head chamber 42 and a rod chamber 43. a piston rod 

45 integrally joined to the piston 44 and extending 
hermetically and movably through the end wall of the 

5 cylinder 41 facing the rod chamber 43. and a spring 

46 disposed In the chamber 43 for normally urging 
the piston 44 into the head chamber 42. 

A connector 47 is fixed to the distal end of the 
piston rod 45 and also to the sleeve 27. In response 
10 to operation of the piston 44 and the piston rod 45. 
therefore, the sleeve 27 is moved to operate the 
forward/reverse mode selector device 20. More 
specifically, when the piston 44 and the piston rod 45 
are moved to the lefthand limit position, a forward 
15 gear train is established in the forward/reverse 
mode selector device 20. When the piston 44 and the 
piston rod 45 are moved to the righthand limit 
position, a reverse gear train is established In the 
forward/reverse mode selector device 20. The head 
20 chamber 42 is connected to an oil passage 102, 
whereas the rod chamber 43 is connected to an oil 
passage 103. 

As shown in FIG. 4. the hydraulic motor 4 
comprises a variable displacement axial piston 
25 motor comprising an angular array of pistons 4b 
slidabiy fitted in a cylinder block 4a coupled to the 
drive shaft 3 and disposed around the axis of 
rotation of the drive shaft 3. and a swash plate 4c 
Inclined at a variable angle 9 for controlling the 
30 reciprocating stroke of the pistons 4b. Cylinder 
chambers 4d defined in the cylinder block 4a and 
housing those pistons 4b which are on an expansion 
stroke are held in communication with the higher- 
pressure oil passage 5h, and cylinder chambers 4e 
35 defined in the cylinder block 4a and housing those 
pistons 4b which are on a contraction stroke are 
held in communication with the lower-pressure oil 
passage 5£, 

In the hydraulic motor 4 of the above structure, as 
40 is known In the art. higher-pressure oil discharged 
from the fixed displacement hydraulic pump 2 is 
forced Into the cylinder chambers 4d, and lower- 
pressure oil is discharged from the cylinder chamber 
4e and returns to the hydraulic pump 2, during which 
45 time the cylinder block 4a and the drive shaft 3 are 
rotated about their own axes under a reactive torque 
which the pistons 4b on the expansion stroke 
receive from the swash plate 4c. 
The displacement of the hydraulic motor 4 is 
SO determined by the stroke of the pistons 4b. 
Therefore, the transmission ratio R of the trans- 
mission T can be continuously controlled from a 
maximum valve to a maximum valve by varying the 
angle 9 of inclination of the swash plate 4c from a 
55 maximum Indicated by the solid line to a maximum 
Indicated by the two-dot-and-dash line. The trans- 
mission ratio R Is expressed by the following 
equation: 
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"me swash plate 4c has one end connected to one 
end of a swing link 56 by a pin 56b, and the other end 
of the swing link 56 is connected to the hydraulic 
cylinder 50 by a pin 56a parallel to the pin 56b. 

The hydraulic cylinder 50 comprises a cylinder 51 . 
a piston 54 slldably disposed in the cylinder 51 and 
dividing the interior space thereof Into a head 
chamber 52 and a rod chamber 53, and a piston rod 
55 integrally joined to the piston 54 and extending 
hermeticaliy and movably through the end wall of the 
cylinder 51 facing the rod chamber 53. The other end 
of the swing link 56 Is connected to the distal end of 
the piston rod 55 by the pin 56a. When the piston 54 
is moved a maximum stroke to the right (as shown In 
solid lines), the angle 9 of the swash plate 4c is 
maximized and so are the displacement of the 
hydraulic motor 4 and the transmission ratio R. 
When the piston 54 is moved a maximum stroke to 
the left (as indicated by the two-dot-and-dash line), 
the angle 6 of the swash plate 4c is minimized and so 
are the displacement of the hydraulic motor 4 and 
the transmission ratio R. 

Referring back to FIG. 1 , the control unit CU has a 
pair of pilot valves 80. 60. a pair of directional control 
valves 38, 49. and a manual valve 48. 

The pilot valve 80 comprises a sleeve 81 disclosed 
between oil passages 104. 105 communicating 
respectively with the head chamber 33 and the rod 
chamber 34 of the sen/ocylinder 30. an oil supply 
passage 106 communicating with the outlet port of 
the charging pump 10, an oil release passage 107 
communicating with the oil sump 12. and a spool 82 
relatively movably disposed in the sleeve 81. The 
pilot valve 80 has ports 83a, 83b communicating with 
the oil passages 104. 105. respectively, and ports 
84a 84b communicating with the oil supply passage 
106 and the oil release passage 107. respectively. 
The sleeve 81 Is connected to the piston rod 36 of 
the servocylinder 30 through a link 85 so that 
movement of the sen/ocylinder 30 can be fed back to 
the pilot valve 80. . . 

The spool 82 Is movable relatively to the sleeve 81 
between three selectable positions, i.e.. a lefthand 
position in which the spool 82 communicates the 
ports 83b, 84a and the ports 83a, 84b. a neutral 
position in which the spool 82 cuts off communica- 
tion between the ports 83a. 83b and the ports 84a, 
84b and a righthand position in which the spool 82 
communicates the ports 83a. 84a and the ports 83b. 
84b A spring 86a is held against the lefthand end of 
the spool 82 for normally urging the spool 82 to move 
in a rlghtward direction, and another spring 86b Is 
held against the righthand end of the spool 82 for 
nomially urging the spool 82 to move In a leftward 
direction. The lot valve 80 also has a switching port 
87a for applying a hydraulic pressure to the lefthand 
end of the spool 82 and a switching port 87b for 
applying a hydraulic pressure to the righthand end of 

the spool 82. . ^ i 

A force F1 acting on the lefthand end of the spool 
82 of the pilot valve 80 Is the sum of a biasing force 
F11 of the spring 86a and a hydraulic force F12 
acting on the lefthand end of the spool 82 (F1 - F1 1 
+ F12), whereas a force F2 acting on the righthand 



end of the spool 82 is the sum of a biasing force F21 
of the spring 86b and a hydraulic force F22 acting or 
the righthand end of the spool 82 (F2 » F21 + F22). 
The spool 82 is moved in response to a change in the 
5 equilibrium condition of the forces F1. F2. For 
example, if F1 < F2. the spool 82 Is moved to the left 
to reach the righthand position for introducing the 
hydraulic pressure ?£ discharged from the charging 
pump 10 into the head chamber 33 of the servocylln- 
10 der 30. and the hydraulic pressure in the rod 
chamber 34 is released into the oil sump 12. The 
piston 35 and the piston rod 36 are now moved to the 
left thereby operating the clutch valves 7a. 7b in the 
closing direction. 
75 Upon movement of the spool 82 to the left, the 
biasing force F11 of the spring 86a Is increased, and 
the biasing force F21 of the spring 86b Is reduced. 
When F1 == F2, the spool 82 is stopped. The sleeve 
81 is moved to the left by the link 85 In response to 
20 the movement of the piston rod 36 to the left. 
Therefore, when the sleeve 81 and the spool 82 
reach the neutral position, the flow of working oil 
between the ports 83a, 84a. 83b. 84b Is cut off, and 
the leftward movement of the piston rod 36 is 
25 Stopped and so Is the operation of the clutch valves 
7a, 7b. The sleeve 81 Is also stopped in unison with 
the piston rod 36. 

When F1 > F2. the spool 82 Is moved to the right 
into the lefthand position with respect to the sleeve 
30 81 The hydraulic pressure P£ discharged from the 
charging pump 10 Is introduced into the rod 
chamber 34 of the servocylinder 30, and the 
hydraulic pressure in the head chamber 33 is 
released into the oil sump 12. Therefore, the piston 
35 35 and the piston rod 36 are moved to the right, 
whereby the clutch valves 7a. 7b are operated In the 
opening direction. , 

With the spool 82 moved to the right, the biasing 
force F21 of the spring 86b is increased and the 
40 biasing force F11 of the spring 86a is reduced until 
F1 = F2 whereupon the rightward movement of the 
spool 82 is stopped. At this time, the sleeve 81 is 
also moved to the right with the rightward movement 
of the piston rod 36. When the sleeve 81 and the 
45 spool 82 are relatively in the neutral position, the oil 
supply into the rod chamber 34 is stopped to stop 
the rightward movement of the piston rod 36, 
whereupon the operation of the clutch valves 7a. 7b 
Is also stopped. The rightward movement of the 
50 sleeve 81 Is also stopped in unison with the piston 

rod 36. , . 

The aforesaid mechanism is a general servomech- 
anism by which the piston rod 36 can be moved m 
response to movement of the spool 82 for adjusting 
55 the opening of the clutch valves 7a, 7b. I.e., the 
opening of the bypass passages 6a, 6b. 

The directional control valve 38 compnses a 
three-port two-position directional control valve 
interposed between an oil passage 108 connected 
60 to the outlet port of the charging pump 10, an oil 
passage 109 connected to the output port 93 of the 
second detector means S2, and a pilot oil passage 
121 connected to the switching port 87a of the pilot 
valve 80. The directional control valve 38 is movable 
65 between a lefthand position in which it communi- 
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cates the oil passage 108 with the pilot oil passage 
121 and a righthand position in which It communi- 
cates the oil passage 109 with the pilot oil passage 
121. The directional control valve 38 assumes the 
righthand position when the hydraulic pressure 
discharged from the charging pump 10 is introduced 
into a pilot oil passage 122 branched from the oil 
passage 101 and coupled to the righthand end of the 

valve 38. . . 

The switching port 87b of the pilot valve 80 is in 
communication with the output port 91 of the first 
detector means SI through a pilot oil passage 123. 

When the hydraulic pressure P£ discharged from 
the charging pump 10 is supplied to the oil passage 
101 , the hydraulic pressure P£ is also Introduced Into 
the' pilot oil passage 122 thereby to shift the 
directional control valve 38 into the righthand 
position, whereupon the throttle pressure Pt is 
applied to the switching port 87a of the pilot valve 80. 
The other switching port 87b is supplied with the 
govemor pressure Pg from the first detector means 
SI. The pilot valve 80 Is operated to open or close 
the clutch valves 7a. 7b until the forces F1, F2 
Including the hydraulic forces F12, F22 are balanced 
or put in equilibrium. 

When the pump pressure P£ is not supplied to the 
oil passage 101, I.e., when the hydraulic pressure In 
the oil passage 101 is zero, the directional control 
valve 38 takes the lefthand position to apply the 
pump pressure P£ to the switching port 87a of the 
pilot valve 80. Since the hydraulic pressure in the 
Input port 90 is zero, the governor pressure Pg from 
the first detector means 81 is also zero, and no 
hydraulic pressure acts on the righthand end of the 
spool 82. Inasmuch as the pilot valve 80 is arranged 
such that the force F1 tending to move the spool 82 
to the right is greater than the force F2 tending to 
move the spool 82 to the left (F1 > F2) at this time, 
the spool 82 Is moved to the righthand limit position 
for reliably fully opening the clutch valves 7a. 7b. 

The manual valve 48 comprises a six-port three- 
position directional control valve Interposed bet- 
ween the oil passages 101, 102. 103, a pair of oil 
passages 110, 111 communicating with the oil 
supply passage 106. and an oil release passage 112 
communicating with the oil sump 12. The manual 
valve 48 can manually be moved selectively between 
three positions, I.e.. a forward position, a neutral 
position, and a reverse position. More specifically, in 
response to operation of the manual selector lever 
16, the manual valve 48 can selectively assume the 
forward position F (lefthand position), the neutral 
position N. and the reverse position R. 

In the fonA/ard position F. with the valve spool 
shifted to the right as viewed in FIG. 1. the manual 
valve 48 provides communication between the oil 
passages 110, 101, the oil passages 111, 103, and 
the oil passage 102 and the oil release passage 112. 
In the neutral position N (as shown), all of the oil 
passages 101, 102. 103 communicate with the oil 
release passage 112. In the reverse position R, the 
manual valve 48 provides communication between 
the oil passages 110. 101. the oil passages 111, 102, 
and the oil passage 103 and the oil release passage 
112. 



The pilot valve 60 comprises a four-port restriction 
directional control valve interposed between an oil 
passage 113 communicating with the head chamber 
52 of the hydraulic cylinder 50. an oil passage 114 
5 communicating with the rod chamber 53 thereof, an 
oil passage 115 branched from the oil supply 
passage 106 for Introducing the hydraulic pressure 
P£ from the charging sump 10. and an oil release 
passage 116 connected to the oil sump 12. 
10 The pilot valve 60 has ports 61a, 61b communicat- 
ing respectively with the oil passages 113, 114. ports 
62a. 62b communicating respectively with the oil 
passage 115 and the oil release passage 116. and a 
spool 63. The spool 63 is selectively movable 
IS between a lefthand position in which the spool 63 
communicates the ports 61a. 62b and the ports 61b. 
62a a neutral position in which communication 
between all of the ports 61 a, 61 b. 62a. 62b is cut off. 
and a righthand position In which the spool 63 
20 communicates the ports 61a. 62a and the ports 61b. 
62b, while having an intermediate position In which 
the restriction of the pilot valve 60 Is continuously 
variable. A spring 64a is held against the lefthand 
end of the spool 63 for normally urging the spool 63 
25 to the right, and a spring 64b is held against the 
righthand end of the spool 63 for normally urging the 
spool 63 to the left. The pilot valve 60 also has a 
switching port 65a for applying a hydraulic pressure 
to the lefthand end of the spool 63. and a switching 
30 port 65b for applying a hydraulic pressure to the 
righthand end of the spool 63. The switching port 
65a is connected to a pilot oil passage 124. whereas 
the other switching port 65b Is connected to a pilot 
oil passage 125 branched from the pilot oil passage 
3S 1 23 which is coupled to the output port 91 of the first 
detector means SI. 

A force F3 acting on the lefthand end of the spool 
63 of the pilot valve 60 Is the sum of a biasing force 
F31 of the spring 64a and a hydraulic force F32 
40 acting on the lefthand end of the spool 63 (F3 = F31 
+ F32), whereas a force F4 acting on the righthand 
end of the spool 63 Is the sum of a biasing force F41 
of the spring 64b and a hydraulic force F42 acting on 
the righthand end of the spool 63 (F4 - F41 + P42). 
45 The spool 63 is moved In response to a change in the 
equilibrium condition of the forces F3, F4. 

As illustrated in FIGS. 1 and 2a through 2c. the 
directional control valve 49 is a three-port two-posi- 
tion directional control valve interposed between an 
50 oil passage 117 branched from the oil passage 106. 
an oil passage 118 connected to the output port 93 
of the second detector means S2, and the pilot oil 
passage 124 connected to the switching port 65a of 
the pilot valve 60. The directional control valve 49 is 
55 selectively movable between a lefthand position in 
which the oil passage 117 communicates with the 
pilot oil passage 124. I.e.. a spool 49b is moved to the 
right in a sleeve 49a. and a righthand position in 
which the oil passage 118 communicates with the 
60 pilot oil passage 124. i.e.. the spool 49b is moved to 
the left in the sleeve 49a. 

The spool 49b is connected to one end of a link 
49c the other end of which is coupled to the piston 
rod 36 of the servocyllnder 30. When the servocylin- 
65 der 30 Is operated to open the clutch valves 7a. 7b 
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for cutting off power to the transmission, the 
directional control valve 49 is shifted to the lefthand 
position to communicate the oil passage 117 with 
the pilot oil passage 124. The directional control 
valve 49 continues to be in the lefthand position until 
the clutch valves 7a, 7b are moved in the closing 
direction to a certain opening which is smaller than 
the opening under the partly engaged clutch 
condition. When the sen/ocylinder 30 is operated to 
close the clutch valves 7a, 7b to an opening smaller 
than the aforesaid certain opening, the directional 
control valve 49 Is shifted Into the righthand position 
in which the oil passage 118 communicates with the 
pilot oil passage 124. Thus, under the power 
transmitting condition in which the opening of the 
clutch valves 7a, 7b is smaller than the foregoing 
certain opening, the throttle pressure Pt from the 
second detector means S2 is applied to the 
switching port 65a of the pilot valve 60. Under the 
power cutoff condition in which the opening of the 
clutch valves 7a, 7b exceeds the certain opening, the 
hydraulic pressure F£ from the charging pump 10 
acts on the switching port 65a. 

When F3 < F4 on the pilot valve 60. the spool 63 is 
moved to the left to Increase the biasing force F31 of 
the spring 64a and reduce the biasing force F41 of 
the spring 64b. When F3 = F4. the leftward move- 
ment of the spool 63 Is stopped. At this time, 
working oil in an amount commensurate with the 
opening between the ports 61a. 62a and between 
the ports 61b. 62b is introduced into the head 
chamber 52 of the hydraulic cylinder 50. and 
discharged from the rod chamber 53 thereof, for 
thereby moving the piston 54 and the piston rod 55 
to the left. When F3 > F4, the spool 63 is moved to 
the right to increase the biasing force F41 of the 
spring 64b and reduce the biasing force F31 of the 
spring 64a. When the condition F3 « F4 is reached, 
the rightward movement of the spool 63 ceases. At 
this time, working oil In an amount commensurate 
with the opening between the ports 61a, 62b and 
between the ports 61b, 62a is discharged from the 
head chamber 52 of the hydraulic cylinder 50, and 
introduced into the rod chamber 53 thereof, for 
thereby moving the piston 54 and the piston rod 55 
to the right. The pressure distribution between the 
head chamber 52 and the rod chamber 53 is 
determined by the degree of restriction by the pilot 
valve 60. The piston 54 and the piston rod 55 is 
operated at a speed dependent on the pressure 
difference between the head chamber 52 and the 
rod chamber 53 for thereby varying the displacement 
of the hydraulic motor 4. 

Assuming that the areas of the opposite ends of 
the spool 63 of the pilot valve 60 are the same, the 
following equations are established: 
F32 = Pt X S or F32 = P^ x S, 
F42 - Pg X S. 

Since F£ > Pt. F£ > Pg, the following inequalities 
are established at all times: 
P^ x S > Pt x S 
Pi? x S > Pg X S. 

Operation of this embodiment will be described 
below. Before the engine E Is started, the charging 
pump 10 is at rest, and the hydraulic pressure P£ 



discharged thereby is zero. Therefore, the governor 
pressure Pg and the throttle pressure Pt are also 
zero. At this time, the position of the spool 82 in the 
pilot valve 80 is determined by the set loads or 

5 biases of the springs 86a, 86b. which are determined 
such that the spool 82 Is moved in the direction to 
open the clutch valves 7a, 7b. into the lefthand 
position. The piston 38 and the piston rod 36 of the 
servocylinder 30 are moved to the right under the 

10 bias of the spring 37 into the position to open the 
clutch valves 7a. 7b, and the sleeve 81 of the pilot 
valve 80 is also moved to the right through the link 
85. 

Now. it is assumed that the manual valve 48 is In 
15 the neutral position N after the engine E has started. 
The oil passages 101 , 102, 103 communicate with the 
oil sump 12. and hence the hydraulic pressure in the 
head chamber 42 and the rod chamber 43 of the 
hydraulic cylinder 40 is released. Therefore, the 
20 piston 44 of the hydraulic cylinder 40 is pushed to 
the lefthand limit position under the resiliency of the 
spring 46, and the sleeve 27 is also In the lefthand 
limit position. The forward/reverse selector mode 
device 20 is thus in the forward position. Since the 
25 hydraulic pressure in the oil passage 101 is zero, the 
directional control valve 38 Is in the lefthand position. 

The hydraulic force F12 on the pilot valve 80 is of a 
valve corresponding to the pump pressure P£, the 
hydraulic force F22 Is zero since Pg = 0 with the oil 
30 passage 101 being connected to the oil sump 12. 
and F1 > F2 at all times. Therefore, the spool 82 is in 
the lefthand position. The piston 36 of the servocylin- 
der 30 is also stopped In the righthand limit position, 
so that the clutch valves 7a. 7b are fully open. 
35 In this condition, because working oil discharged 
from the hydraulic pump 2 dependent on the speed 
of rotation of the engine E flows through the bypass 
passage 6a, the hydraulic motor 4 is not actuated, 
and hence no power is transmitted to the output 
40 shaft 28. so that the road wheels W remain at rest. 
When the engine speed is increased by depressing 
the accelerator pedal of the throttle valve opening/ 
closing device 15. at this time, the spool 82 of the 
pilot valve 80 is not moved to the left because 
45 F22 « 0 (Pg = 0). Thus, the clutch valves 7a, 7b 
remain fully open Irrespective of the throttle valve 
opening and the speed of rotation of the engine E. 

Since the clutch valves 7a, 7b are fUlly open, the 
directional control] valve 49 Is in the lefthand 
50 position, and F3 = F31 4- F32. F4 « F41 on the 
pilot valve 60 because the governor pressure Pg 
from the first detector means S1 is 0. The set loads 
of the springs 64a, 64b are determined so that F3 > 
F4 under this condition. The spool 63 is thus in the 
55 lefthand position to introduce the hydraulic pressure 
P£ discharged from the charging pump 10 into the 
rod chamber 53 of the hydraulic cylinder 60 and also 
to release the hydraulic pressure from the head 
chamber 52 to the oil sump 12. Consequently, the 
60 piston 54 and the piston rod 55 of the hydraulic 
cylinder 50 are moved to the righthand limit position 
to maximize the angle 9 of the swash plate 4c of the 
hydraulic motor 4. The transmission ratio R in the 
neutral position N is thus at maximum. 
65 When the manual selector lever 16 is operated to 
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shift the manual valve 48 from the neutral position N 
to the fonward position F, whereupon the manual 
valve 48 provides communication between the oil 
passages 110. 101. the oil passages 111. 103, and 
the oil passage 102 and the oil release passage 112. 
Therefore, the pump pressure 92 Is supplied to the 
rod chamber 43 of the hydraulic cylinder 40, and the 
head chamber 42 remains released, with the piston 
44 remaining pushed to the lefthand limit position. 
Therefore, the forward/reverse mode selector de- 
vice 20 remains In the forward position. Also, the oil 
passage 101 Is supplied with the pump pressure PA . 

When the pump pressure P2 Is supplied from the 
oil passage 101 to the pilot oil passage 122, the 
directional control valve 38 Is shifted to the righthand 
position for thereby supplying the throttle pressure 
Pt from the second detector means S2 to the 
switching port 87a of the pilot valve 80. The governor 
pressure Pg from the first detector means SI Is 
supplied via the pilot oil passage 1 23 to the switching 
port 87b of the pilot valve 80. Therefore, the pilot 
valve 80 Is operated to open or close the clutch 
valves 7a, 7b until equilibrium Is reached between 
the throttle pressure Pt and the governor pressure 

If the above operation is carried out in an engine 
idling condition In which the motor vehicle is at rest 
and the throttle valve opening/closing device 15 is 
not operated, then the first detector means SI 
produces the governor pressure Pg corresponding 
to the Idling speed of the engine E, and the second 
detector means 82 generates the throttle pressure 
Pt corresponding to the throttle valve opening of 
zero. By arranging the pilot valve 80 such that the 
condition F1 « F2 is reached when the spool 81 
thereof is moved a predetenmined distance from the 
righthand limit position, the piston rod 36 of the 
servocylinder 30 Is stopped after it has moved to the 
left by the predetermined distance. The clutch valves 
7a, 7b are now in a partly engaged clutch condition. 

In the engine Idling condition, the governor 
pressure Pg corresponding to the idling speed acts 
on the switching port 65b of the pilot valve 60. 
whereas the sump pressure Pi acts on the the 
switching port 65a thereof. The spool 63 then goes 
to the lefthand position by determining the biasing 
forces F31. F41 of the springs 64a. 64b so that F3 > 
F4 at all times. Therefore, the hydraulic pressure in 
the head chamber 52 of the hydraulic cylinder 50 Is 
released into the oil sump 12. and the pump 
pressure 92 acts in the rod chamber 53. The piston 
54 and the piston rod 55 remain shitted to the 
righthand limit position, the angle 9 of the swash 
plate 4c is at maximum, and the transmission ratio R 
remains maximum. 

When the accelerator pedal is depressed to get 
the vehicle started from the engine idling condition, 
the throttle valve Is opened to increase the throttle 
pressure Pt, whereupon the force F12 on the pilot 
valve 80 Is Increased, and as a result the force F1 
becomes greater. Since the speed of rotation of the 
engine E goes higher, the output or governor 
pressure Pg from the first detector means SI Is also 
increased and so Is F2 on the pilot valve 80. When 
the condition F2 > F1 is reached, the spool 82 is 



moved to the left to introduce the pump pressure 92 
Into the head chamber 33 and release the hydraulic 
pressure from the rod chamber 34 into the oil sump 
12. The piston 36 and the piston rod 36 of the 
5 servocylinder 30 are now moved to the left for 
progressively closing the clutch valves 7a. 7b 
thereby to enable the hydraulic pump 2 to start 
actuating the hydraulic motor 4. 

Until the forces F1 , F2 are balanced, the spool 82 
10 is further moved to the left until finally the spool 82 Is 
stopped at the lefthand limit position. The clutch - 
valves 7a. 7b are fully closed to enable the hydraulic 
pump 2 to exert its full power to actuate the hydraulic 
motor 4. Since the fonftrard/reverse mode selector 
1$ device 20 Is in the forward position at this time, the 
motor vehicle Is started In the fonward direction in 
response to rotation of the hydraulic motor 4. 

At this time, the hydraulic pressure in the first oil 
passage 5h is higher than the hydraulic pressure in 
20 the second oil passage 5^. Therefore, the bypass 
passage 6b is closed by the check valve 8. and 
working oil only flows through the first clutch valve 
7a. The opening of the bypass passages 6a, 6b with 
respect to the amount of operation of the clutch 
2S valve In the closing direction varies along e d b 
a as Indicated by the solid line in FIG. 6. 
Upon a shift of the clutch valves 7a, 7b from the 
position of FIG. 2b to the position of FIG. 2c at this 
time, the directional control valve 49 Is displaced to 
30 the righthand position to allow the throttle pressure 
Pt to act on the switching port 65a of the pilot valve 
60. and F3 Increases with the hydraulic force F32. 
The pilot valve 60 is arranged such that F3 > F4 
under this condition. The transmission ratio R is 
35 maintained at maximum, as during engine idling, as 
indicated by a cun/e A or a curve E in FIG. 5. 

As the engine speed goes much higher, the 
governor pressure Pg is increased, and so is the 
force F4 on the pilot valve 60. When F3 > F4 or 
40 F3 « F4, the spool 63 is in the lefthand position or 
the neutral position, and the piston 54 and the piston 
rod 55 of the hydraulic cylinder 50 remain in the 
righthand limit position, with the transmission ratio R 
being maximum. However, the vehicle speed in- 
45 creases as indicated by a curve B or a cun^e F in 
FIG. 5 in response to an increase in the engine 
speed. 

When the condition F3 < F4 Is reached as a result 
of a further increase In the engine speed, the spool 
SO 63 of the pilot valve 60 is moved to the left into the 
righthand position in which the pump pressure 92 is 
supplied to the head chamber 52 of the hydraulic 
cylinder 50 and the hydraulic pressure Is released 
from the rod chamber 53 Into the oil sump 12. 

55 Therefore, the piston 54 and the piston rod 65 Is 
moved to the left to angularly move the swash plate 
4c in a direction to reduce the angle 9, i.e., to reduce 
the transmission ratio for thereby increasing the 
vehicle speed. Inasmuch as the engine load is 

60 Increased at this time to control an increase in the 
engine speed, the engine speed is maintained 
substantially at a constant level. This condition is 
Indicated by a curve C or a curve G in FIG. 5. If the 
accelerator pedal Is continuously depressed even 

65 after the transmission ratio R is reduced to its 
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minimum value, the engine speed is Increased until 
the engine power output and the engine load are 
brought Into equilibrium, and so is the vehicle speed. 
The motor vehicle runs under a steady condition 
when the engine power output and the engine load 
are balanced. This is represented by a curve D or a 
curve H In FIG. 6. 

The relationship between the engine speed and 
the vehicle speed from a start to a steady running 
condition when the vehicle Is started slowly with the 
accelerator pedal depressed to a small depth is 
different from the relationship when the vehicle is 
started suddenly with the accelerator pedal de- 
pressed to a large depth. When the vehicle is started 
slowiy. the relationship between the engine speed 
and the vehicle speed varies along the lines A B 
C -^^ D H as shown in FIG. 5. When the vehicle 
is started suddenly, the relationship varies along the 
Ijnes E-^F-+G-^Has shown In FIG. 5. 

As is apparent from FIG. 5, the engine speed when 
the transmission Is operated for a vehicle speed 
change Is selected dependent on the amount of 
depression of the accelerator pedal, and the trans- 
mission is controlled so that the engine speed is 
made constant. 

When releasing the accelerator pedal In order to 
stop the motor vehicle from a steady running 
condition, the throttle pressure Pt is lowered to a 
value corresponding to the throttle valve opening of 
zero. The condition F3 < F4 is reached on the pilot 
valve 60, and the transmission ratio R is minimized. 
The hydraulic motor 4 is driven through the shaft 3 
from the road wheels by the load Inertia created by 
the vehicle speed, and the hydraulic pump 2 is 
rotated according to the pressure discharged by the 
motor 4. At the same time, the engine E is coupled to 
the hydraulic pump 2 and is rotated thereby, 
whereupon engine braking Is applied to decelerate 
the motor vehicle. 

The engine speed and the vehicle spoed at this 
time vary along the lines H— »-l— »'I-*'J— ►K— i-Las 
shown in FIG. 5. The condition in which engine 
braking is exerted to decelerate the motor vehicle 
while the transmission ratio R remains minimum Is 
indicated by H -h- D I in FIG. 5. As the engine 
speed Is lowered past the Intersection of lines I and 
J. the condition F3 > F4 is reached or the pilot valve 
60, and the transmission ratio R is increased. At this 
time, the load on the engine braking is increased to 
prevent the engine speed from dropping, so that the 
engine speed becomes substantially constant as 
Indicated by line J In FIG. 5. When the transmission 
ratio T reaches the maximum level, the engine speed 
drops with the vehicle speed as indicated by line K in 
FIG. 5. Upon a further reduction in the engine speed, 
the condition Fi > F2 is reached on the pilot valve 
80 and the clutch valves 7a. 7b are operated in the 
opening direction, and the engine speed and the 
vehicle speed are varied as represented by line L in 
FIG. 5. At this time, the bypass passages 6a. 6b are 
opened quickly along a-n^b— *-c— ►d-^e including 
the dotted line b c in FIG. 6 through the opening 
of the check valve 8. Therefore, no Intensive engine 
braking is applied during the final stages of decelera- 
tion, and the vehicle car be stopped smoothly. The 



power transmission between the hydraulic pump 2 
and the hydraulic motor 4 is now cut off to allow 
stopping of the motor vehicle. At this time, the 
engine E is Idling, and the clutch valves 7a, 7b are 
5 operated from the position of FIG. 2c to the position 
of FIG. 2b. causing the directional control valve 49 to 
reach the lefthand position. Therefore, the pump 
pressure P£ Is applied to the lefthand end of the 
spool 63 of the pilot valve 60 to keep the trans- 
10 mission ratio R at its maximum level. 

It is assumed then that the motor vehicle is 
abruptly stopped from a running condition while the 
manual valve 48 is in the fon^^ard position F. In this 
case, the clutch valves 7a, 7b start opening before 
15 the operation of the transmission for a vehicle speed 
change Is completed, because whereas the trans- 
mission Is operated slowly to achieve a smooth 
vehicle speed change, clutch operation which Is of 
high response is started earlier. 
20 More specifically, as Illustrated In FIG. 5. when the 
accelerator pedal is released and the motor vehicle 
is abruptly braked, the second detector means S2 
produces a low throttle pressure Pt corresponding 
to the throttle valve opening of zero and the 
S5 condition F3 < F4 Is reached on the pilot valve 60. 
The piston 54 of the hydraulic cylinder 60 is moved to 
the left to minimize the transmission ratio R. Then, 
engine braking is applied and an ordinary brake is 
operated to lower the vehicle speed quickly along H 
30 --^ D — lin FIG. 5. Upon this reduction in the engine 
speed. F3 > F4 on the pilot valve 60, and the 
transmission ratio R is gradually increased with the 
reduction in the engine speed as Indicated by the 
line M In FIG. 6. The engine speed is lowered without 
35 an increase in the load on the engine braking. 

As the engine speed further drops, F1 > F2 on 
the pilot valve 80, and the clutch valves 7a, 7b are 
operated In the opening direction. In response to 
such opening of the clutch valves 7a. 7b, the 
40 directional control valve 49 is shifted to the lefthand 
position, applying the pump pressure P to the 
lefthand end of the spool 63 of the pilot valve 60 to 
quickly move the spool 63 to the right. The piston 54 
of the hydraulic cylinder 50 is also moved to the right 
45 into the righthand limit position. When the motor 
vehicle is stopped, the transmission ratio R Is quickly 
increased to the maximum value. This Is indicated by 
the line N in FIG. 5. At this time, since the opening of 
the bypass passages 6a, 6b with respect to the 
50 amount of opening operation of the clutch valves 7a, 
7b is sharply increased as indicated by a b --^ c — ^ 
d — ► e along the dashed inclined line in FIG. 6, no 
Intensive engine braking Is applied even If the 
transmission ratio R Is Increased as described 
55 above, and hence the motor vehicle can smoothly be 
stopped. 

If the manual valve 48 Is shifted from the forward 
position F to the neutral position N after the motor 
vehicle Is stopped, the hydraulic pressure In the 

60 chambers 42, 43 of the hydraulic cylinder 40 is 
released, and the piston 44 remains biased into the 
lefthand limit position under the resiliency of the 
spring 46. Therefore, the forward/reverse mode 
selector device 20 is continuously held In the 

65 fonward position F. Because the hydraulic pressure 
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in the oil passage 101 is zero, the clutch valves 7a. 7b 
are fully open. , , 

When the engine is idling while the manual valve 
48 is in the forward position, the transmission ratio R 
is maximum. If the manual valve 48 is shifted into the 
neutral position N In this condition, the transmission 
ratio R remains maximum. Therefore, when the 
manual valve 48 Is shifted from the neutral position N 
to the fonward position F to get the motor vehicle 
started, a maximum transmission ratio R required to 
start the motor vehicle can immediately be obtained, 
and the motor vehicle can smoothly be started. 

By shifting the manual valve 48 from the neutral 
Dositlon N to the reverse position R while the motor 
vehicle Is at rest, the manual valve 48 provides 
communication between the oil passages 110. loi. 
the oil passages 111. 102. and the oil passage 103 
and the oil release passage 112. The head chamber 
42 of the hydraulic cylinder 40 Is supplied with the 
pump pressure Pi. and the hydraulic pressure in the 
rod chamber 43 is released. Thus, the piston 44is 
moved to the right, and the sleeve 27 of the 
forward/reverse mode selector device 20 is moved 
to the right out of engagement with the fonward 
clutch gear 23a into engagement witti the reverse 
clutch gear 25a. 

Since the oil passage 101 Is supplied with the 
pump pressure P£, the clutch valves 7a. 7b are 
operated until the throttle pressure Pt and the 
governor pressure Pg are balanced. When the 
engine Is idling, the partly engaged clutch condition 
is achieved. At this time, the hydraulic cylinder 50 
operates in the same manner as when the manual 
valve 48 is shifted from the neutral position N to the 
fonward position F, and the transmission ratio R 
becomes maximum. j ^l.^ 

In order to start the motor vehicle backwards, the 
throttle valve opening/closing device 15 is operated 
to open the throttle valve. As with the operation to 
move the motor vehicle fonwardiy as described 
tdjove, the clutch valves 7a, 7b are gradually closed 
(the clutch valve 7b is effectively closed from the 
outset because of the check valve 8) to start 
actuating the hydraulic motor 4 to start the rnotor 
vehicle backwards. The pilot valve 60 operates in the 
same manner for effecting the same transmission 
control as when the motor vehicle Is moved 

forwardly. ^ . „ 

When the motor vehicle is stopped while the 
manual valve 48 is in the reverse position R, the 
fonivard/reverse mode selector device 20 is kept In 
the reverse position R whereas the clutch valves 7a, 
7b and the swash plate 4c operate in the same way 
as when the motor vehicle is stopped while running 
fonwardly. When the manual valve 48 is shifted from 
the reverse position R to the neutral position N after 
the motor vehicle Is stopped, both of the ohamlDers 
42 43 of the hydraulic cylinder 40 are brought Into 
communication with the oil sump 12. The piston 44 Is 
therefore moved from the righthand limit position to 
the lefthand limit position, so that the forward/ 
reverse mode selector device 20 is released from 
the reverse position. At this time, since the hydraulic 
pressure in the oil passage 101 is zero and the clutch 
valves 7a. 7b are fully open, the clutch gear 25a and 



the sleeve 27 can smoothly disengage from each 
other The transmission ratio R Is maximum when 
the manual valve 48 is in the reverse position R and 
the engine Is Wllng as when the manual valve 48 is 
5 shifted from the fonward position F to the neutral 

''^According to another embodiment of the present 
invention, the control unit CU may be constructed of 
a microcomputer or the like. More specifically.^he 
10 engine speed, the throttle valve opening, the shifted 
position of the manual valve, and the selected 
position of the forward/reverse mode selector 
device 20 are electrically detected, and the detected 
data Items are applied to a microcomputer which is 
15 programmed to process them to produce the sarne 
mechanical movements as described above in the 
aforesaid embodiment by operating a driver n place 
of the hydraulic cylinder 50. The hydraulic cylinder 50 
which is a hydraulic actuator may be replaced with 
20 an electric actuator such as a stepping motor, a 
linear stepping motor, a DC motor, or an AC niotor 
dependent on the construction of the control unit 
CU The pilot valve 60 and the manual valve 48 may 
comprise an electro-hydraulic servovalve or a sole- 
2S nold-operatod proportional pressure control valve 

The present Invention Is not limited to the 
hydraulicaHy operated, continuously variable trans- 
mission for motor vehicles comprising the fixed 
displacement hydraulic pump 2 and the variable 
30 displacement hydraulic motor 4. The Pflnc'Ptes of 
the present Invention are applicable to a frans- 
misslon comprising a variable displaceinent hy- 
draulic pump and a fixed displacement hydraulic 
motor, or a transmission comprising a >wiable 
3S displacement hydraulic pump and a vanable dis- 
placement hydraulic motor. . 

While the fonward/reverse mode selector device 
20 is of the dog clutch type In the foregoing 
embodiment. It may comprise a wet-type cMch or 
40 the like. While the pressure P discharged from the 
charging pump 10 Is employed as the working 
pressure for operating the hydraulte cylinder 50 in 
the above embodiment, a high hydraulic pressure in 
the closed hydraulic circuit 5 may be utilized as the 
45 working pressure. 

The detection of the throttle valve opening or the 
accelerator pedal depression as an indication of the 
driver's Intention of acceleration and deceleration 
may be replaced with the detection of the vacuum 
so developed In the intake pipe of the engine, and the 
amount of fuel supplied to the eng'"f • ^nd 
engine torque may be detected Instead of the engine 
speed as an Indication of the engine power output. 
In the preferred embodiments of the invention, as 
55 described above, since the opening of the bypass 
passages controlled by the clutch valves disposed In 
the bypass passages which are connected between 
the two oil passages of the closed hydraulic circuit Is 
quickly increased when the transmission Is driven by 
60 driving forces from the road wheels at the time of 
decelerating the motor vehicle, intensive engine 
braking Is prevented from being applied to the motor 
vehicle even if the transmission ratio is abruptly 
increased during stopping of the motor vehicle by 
65 idle inertia-dependent movement. Therefore, tne 
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vehicle can be stopped smoothly with an Improved 
feeling to the driver over previous systems. 

It will thus be seen that in the preferred embodi- 
ments at least, the arrangement Is such that the 
opening of the bypass passage corresponding to 
the amount of operation of the clutch valve when the 
continuously variable transmission receives driving 
forces from the vehicle's road wheels during 
deceleration is controlled so as to be greater than 
the opening of the bypass passage with respect to 
the amount of operation of the clutch valve when the 
continuously variable transmission is driven by 
driving forces from the engine to drive the road 
wheels during acceleration. 

It Is to be clearly understood that there are no 
particular features of the foregoing specification, or 
of any claims appended hereto, which are at present 
regarded as being essential to the performance of 
the present invention, and that any one or more of 
such features or combinations thereof may therefore 
be included in, added to. omitted from or deleted 
from any of such claims If and when amended during 
the prosecution of this application or In the filing or 
prosecution of any divisional application based 
thereon. Furthemiore the manner in which any of 
such features of the specification or claims are 
described or defined may be amended, broadened 
or othenft^lse modified in any manner which falls 
within the knowledge of a person skilled in the 
relevant art. for example so as to encompass, either 
implicitly or explicitly, equivalents or generalisations 
thereof. 



Claims 



passages includes a check valve for only allowing 
hydraulic flow through that one bypass passage 
when the transmission receives the driving forces 
from the road wheels. 
5 4. The control device of claim 2 or 3 wherein said 
clutch valve means includes a single valve member 
with two separate holes In communication with said 
two separate bypass passages for simultaneously 
controlling flow through said two separate bypass 
iO passages. 

6. The control device of any preceding claim 
wherein means are provided for operating said 
clutch valve means to rapidly Increase the opening of 
the bypass passage means upon rapid vehicle 
75 deceleration. 

6. The control device of any preceding claim 
wherein means are provided for increasing the ratio 
of the transmission during said rapid vehicle de- 
celeration. 

20 7. A control device for a continuously variable 
vehicle transmission having a hydraulic pump and 
hydraulic motor with a closed hydraulic circuit 
wherein the pump has an output connected to an 
input on the motor and the motor has an output 
25 connected to an Input on the pump, the device 
comprising bypass means for connecting the pump 
output and Input and motor output and Input, and 
means for controlling the flow through said bypass 
means to allow greater flow during deceleration of 
30 the vehicle than during acceleration of the vehicle. 
8. The control device of claim 7 wherein said 
bypass means includes at least two separate flow 
paths and one of the flow paths includes means for 
allowing flow from the motor output to the motor 
35 input and restricting flow from the pump output to 
the pump input. 



1. A control device for a continuously variable 
vehicle transmission having a closed hydraulic 40 
circuit with two passages disposed between a 
hydraulic pump and a hydraulic motor, at least one of 
said hydraulic pump and said hydraulic motor being 
of the variable displacement type, said hydraulic 
pump being connected to an engine and said 45 
hydraulic motor being driven by hydraulic pressure 
from said hydraulic pump for driving road wheels, the 
control device comprising bypass passage means 
connected between said two passages of said 
closed hydraulic circuit, clutch valve means dis- 5C 
posed in said bypass passage means for adjusting 
the opening of said bypass passage means, and 
means for operating said clutch valve, the arrange- 
ment being such that when said continuously 
variable transmission receives driving forces from 5^ 
the road wheels the bypass passage means opens 
to a greater opening than the opening thereof when 
said continuously variable transmission is driven by 
the engine. 

2. The control device of claim 1 wherein said 6 
bypass passage means includes two separate 
bypass passages with a clutch valve means in each 
said bypass passage. 

3. The control device of claim 2 wherein the clutch 
valve means In one of said two separate bypass 6 
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